The molecular structure of the title compound 1-(2 0 ,3 0 ,5 0 ,6 0 -tetrafluoro-4 0 -trifluoromethylphenyl)-closo-1,2-dicarbadodecaborane, C 9 H 11 B 10 F 7 , features an intramolecular ortho-FÁ Á ÁH2 hydrogen bond [2.11 (2) Å ], which is responsible for an orientation of the heptafluorotolyl substituent in which the plane of the aryl ring nearly eclipses the C1-C2 cage connectivity.
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Chemical context
Carborane chemistry continues to be an area of intense academic interest but also one that has both potential and real applications in a wide variety of fields, with a particular blossoming of such applications over the last two decades (Grimes, 2016) . Two important factors driving studies into the synthesis and properties of novel carborane compounds for a vast array of applications are the high chemical and thermal stabilities of such species and the relative ease of their derivatization. Several years ago we described a family of doubly substituted closo-C 2 B 10 carboranes bearing fluorinated aryl groups (Tricas et al., 2011) . Our comprehensive (synthetic, spectroscopic, structural, electrochemical and computational) study focused primarily on the stabilization of the reduced form of the carboranes by the presence of the strongly electron-withdrawing fluoroaryl groups, and the study has attracted considerable attention from those working in the related field of carborane photophysics (e.g. Van Nghia et al., 2018; Marsh et al., 2018) . Very recently we have reported the first examples of substituted carboranes as components of intermolecular frustrated Lewis pairs (FLPs; Benton et al., 2018) . In this field the ability to fine-tune the Lewis acidity or basicity of a functional group on a carborane support by the electron-withdrawing or electron-donating characteristics of a second substituent on the carborane is of potential importance in using these FLPs as catalysts. Herein we report the synthesis and crystal structure of [1-(4 0 -F 3 CC 6 F 4 )-closo-1,2-C 2 B 10 H 11 ], a singly substituted fluoroaryl carborane with the potential for further derivatization.
Structural commentary
H atoms bound to C in closo carboranes are protonic in nature (Grimes, 2016) and the strongly electron-withdrawing nature of the perfluorotolyl substituent on C1 renders the H atom on C2 in [1-(4 0 -F 3 CC 6 F 4 )-closo-1,2-C 2 B 10 H 11 ] particularly protonic, as evidenced by its high-frequency 1 H NMR chemical shift ( 4.88 ppm). This makes the C1H1 unit a strong ISSN 2056-9890 hydrogen-bond donor and results in the most striking feature of the structure (Fig. 1) , the intramolecular hydrogen bond between F12 and H2. Molecular dimensions for the hydrogen bond are given in Table 1 and are complemented by the neartetrahedral angle C12-F12Á Á ÁH2 = 108. 4 (6) . This hydrogen bond is responsible for the orientation of the 4 0 -F 3 CC 6 F 4 substituent with respect to the carborane in the solid state, defined by the torsion angle C2-C1-C11-C12 = 9.6 (2)
, in which the plane of the aryl ring almost eclipses the C1-C2 connectivity.
The only other [1-(ortho-F-aryl)-closo-1,2-C 2 B 10 H 11 ] species to have been studied crystallographically is that with a 2 0 -fluoro-4 0 -(9 00 -phenanthrenyl) substituent (Tu et al., 2017) . In this species there is an intermolecular FÁ Á ÁC cage H hydrogenbond, 2.091 (4) Å , between the two crystallographically independent molecules in the asymmetric fraction of the unit cell, although the situation is somewhat complicated by partial disorder of both F atoms. The C1-C2 distance in [1-(4 0 -F 3 CC 6 F 4 )-closo-1,2-C 2 B 10 H 11 ], 1.660 (2) Å , stands good comparison with that in [1-Ph-closo-1,2-C 2 B 10 H 11 ] [ polymorph, 1.640 (5) Å , Brain et al., 1996; polymorph, 1.649 (2) Å , Thomas et al., 1996] 
Supramolecular features
Molecules pack in ribbons parallel to the crystallographic a axis, but there are no significant intermolecular contacts either within or between these ribbons. A view of the crystal packing along [100] is shown in Fig. 2 . Table 1 Hydrogen-bond geometry (Å , ).
Figure 1 The molecular structure of [1-(4 0 -F 3 CC 6 F 4 )-closo-1,2-C 2 B 10 H 11 ] with key atoms labelled. Displacement ellipsoids are drawn at the 50% probability level, except for H atoms. The hydrogen bond between F12 and H2 is shown as a dotted line. 
Database survey
A search of the Cambridge Structural Database (CSD, 2019 release; Groom et al., 2016) yielded 384 examples of [C-arylcloso-1,2-C 2 B 10 ] carboranes. However, this number drops to 63 if the second cage C atom is not substituted, i.e. structures of the type [1-aryl-closo-1,2-C 2 B 10 H 11 ]. Furthermore, there are only two reported structural studies of cases where the aryl ring is at least partially fluorinated, the aforementioned 2 0 -fluoro-4 0 -(9 00 -phenanthrenyl) species (Tu et al., 2017) and [1-(4 0 -C 6 H 4 F)-closo-1,2-C 2 B 10 H 11 ] (Clegg, 2016) . Removing the condition that the second cage C atom is not substituted affords 19 further examples of fluoroaryl derivatives of [closo-1,2-C 2 B 10 H 11 ]. There are only three examples where a 4 0 -F 3 CC 6 F 4 substituent is attached to a [closo-1,2-C 2 B 10 ] cage, two of which result from our laboratories (Tricas et al., 2011) and the other from Lee et al. (2017) .
Synthesis and crystallization
Under dry N 2 and using anhydrous, degassed solvents, [closo-1,2-C 2 B 10 H 12 ] (0.75 g, 5.2 mmol) was dissolved in a 1:1 mixture of toluene and diethyl ether (40 mL). The colourless solution was cooled to 273 K before n-BuLi (3.58 mL of a 1.6 M solution in hexanes, 5.73 mmol, 1.1 equiv.) was added dropwise over the course of 2 min. whilst stirring vigorously. The solution was warmed to room temperature and changed from colourless to yellow. After further stirring for 1 h the solution was cooled to 273 K, resulting in a white suspension. Whilst stirring vigorously, octafluorotoluene (0.74 mL, 5.2 mmol, 1.0 equiv.) was added dropwise over the course of 1 min., causing the solution to turn from yellow to deep red. The solution was stirred for 4 h at room temperature and then quenched with saturated [NH 4 ]Cl (aq., 20 mL). The organic layer was isolated and the aqueous phase extracted with Et 2 O (3 Â 20 mL). The organic phases were combined and reduced in volume in vacuo to yield a brown residue. Products were isolated by column chromatography on silica eluting with 313-333 K petroleum ether to give both the target compound [1-(4 0 -F 3 CC 6 F 4 )-closo-1,2-C 2 B 10 H 11 ] (R f = 0.27, 0.57 g, 30% yield) and the disubstituted species [1,2-(4 0 -F 3 CC 6 F 4 ) 2 -closo-1,2-C 2 B 10 H 10 ] (R f = 0.37, 0.33 g, 11% yield, Tricas et al., 2011) 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The cage C atom (C2) not carrying the substituent was distinguished from B atoms by both the Vertex-Centroid Distance (McAnaw et al., 2013) and BoronHydrogen Distance (McAnaw et al., 2014) methods. Cage H atoms were located from difference-Fourier maps and allowed positional refinement, with U iso (H) = 1.2U eq (B or C). Five poorly fitting reflections were omitted which marginally decreased the R-factor and standard uncertainties from the previous refinement.
Acta Cryst. (2019). E75, 512-515 research communications (Rigaku OD, 2018 ); cell refinement: CrysAlis PRO (Rigaku OD, 2018) ; data reduction:
CrysAlis PRO (Rigaku OD, 2018 ); program(s) used to solve structure: SHELXT (Sheldrick, 2015a); program(s) used to refine structure: SHELXL (Sheldrick, 2015b); molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009 ).
1-(2′,3′,5′,6′-Tetrafluoro-4′-trifluoromethylphenyl)-closo-1,2-dicarbadodecaborane
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (7) 0.0002 (7) 0.0040 (6) C11 0.0138 (6) 0.0152 (7) 0.0111 (6) 0.0004 (6 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

